Background: The aim of this study was to compare proximal fibular and proximal tibial sites regarding osteosarcoma in the proximal crus. Furthermore, we proposed a hypothesis explaining the differences.
Background
Osteosarcoma is the most common primary malignant bone tumor in children and young adults [1] . Distal femur, proximal tibia and proximal humerus are recognized as the three most frequent lesion sites. In addition, more than 70% osteosarcoma originates around the knee joint [2] . Surgery including amputation and limb-salvaging procedures remains an essential part of management [3] , and the addition of neoadjuvant and adjuvant chemotherapy to surgery has improved the outcomes. As currently reported, the 5-year overall survival (OS) of patients with localized osteosarcoma is approximately 70% [4] [5] [6] .
As a bony structure near the knee joint, the proximal fibula is a rare site of osteosarcoma. As reported, only 2% of primary osteosarcoma is located in the fibula, and this proportion is lower in the proximal fibula [7] . The proximal fibula and proximal tibia are two adjacent structures in proximal crus; thus, in addition to the difference in incidence rate, the other characteristics of osteosarcoma lesions at these two sites may not be similar according to our clinical experience.
The fibula is recognized as a small and expandable bone without irreplaceable function for bearing body weight and movement, among others. In contrast, the tibia is a large bone attached to several functional muscles, tendons and ligaments and is a component of the knee joint, which acts as an indispensable structure for bearing body weight and movement of lower limbs. Limb-salvaging procedure for proximal fibula seems to be simpler than that for proximal tibia, because reconstruction after resection is not essential. The long-term complications of artificial prosthesis are also a matter of concern.
Regarding clinical outcomes, Sean P et al. compared the 5-year OS of fibular osteosarcoma patients in their study with results reported by other investigators and observed similar outcomes. However, this result may not be true when the tumor located in the proximal part of the fibula [8] . Kutikov et al. reported that osteosarcoma in proximal fibula may easily invade two or all three compartments of the proximal crus [9] , and Seker et al. observed a higher likelihood of inadequate surgical margins in osteosarcoma in fibula than in other sites for patients undergoing limb-salvaging surgery [10] .
Nevertheless, perhaps because of the low incidence of osteosarcoma in proximal fibula, there is a lack of previously published study on the topic. The difference between osteosarcoma in proximal fibula and osteosarcoma in proximal tibia still needs to be clarified. Therefore, the comparison of osteosarcoma originating in these two sites is an attractive topic of research.
The purpose of the present study was to compare the clinical features, management and outcomes of osteosarcoma located in proximal fibula and proximal tibia. Furthermore, we proposed a possible hypothesis to account for the differences.
Methods

Study population
We retrospectively reviewed the case records of 1133 patients with a histologic diagnosis of osteosarcoma during the period of January 2000 to February 2015 at the First Affiliated Hospital of Sun Yat-sen University.
The inclusion criteria were as follows: (1) patients with histologically confirmed conventional high-grade osteosarcoma at the First Affiliated Hospital of Sun Yat-sen University; (2) tumors located in proximal fibula or proximal tibia; (3) patients who did not receive any antitumor therapy before admission in our center; (4) patients underwent magnetic resonance imaging (MRI) at initial presentation; and (5) complete clinical and follow-up data were available. The exclusion criteria were as follows: (1) evidence of distal metastasis at initial diagnosis and; (2) no experience of receiving standard treatment protocol in our center including neoadjuvant, surgery and adjuvant chemotherapy.
Followed the inclusion criteria, we initially identified 39 (3.4%) patients with proximal fibular osteosarcoma. Eleven cases were excluded because of distal metastasis at diagnosis (5 patients) or lack of surgery (6 patients). Eventually, we included 28 patients in the proximal fibula for matching. At the same time, we identified 214 (18.9%) patients with proximal tibial osteosarcoma. Among them, 68 cases were excluded because of distal metastasis at diagnosis (25 patients) or lack of surgery (43 patients). Eventually, we included 146 patients in the proximal tibia for matching.The flow diagram for inclusion is presented in Additional files.
Treatment strategy
A core needle biopsy was performed for definitive diagnosis in every patient. The tumor-invaded extremity was evaluated by plain X-ray and MRI before any treatment was performed. A computed tomography (CT) scan of the lung and whole body emission computed tomography (ECT) scan were employed to exclude distal metastasis and to confirm Enneking staging [11] .
A total of four commonly used chemotherapeutic agents were administered according to the scheme presented in Additional file 1: Figure S1 Methotrexate (MTX), cisplatin (DDP), doxorubicin(ADM) and ifosfamide(IFO). The interval between rounds of chemotherapy was 2 to 3 weeks. Then, 2 or 3 weeks after surgery, the patients would receive adjuvant chemotherapy if no complications were noted. Patients in both cohorts received standard chemotherapy consisting of 4 neo-adjuvant chemotherapy courses and 9 or more adjuvant chemotherapy courses. Good response to neo-adjuvant chemotherapy was assessed in terms of (1) relief of pain, (2) hardening or diminution of local mass, (3) decreased serum alkaline phosphatase (ALP) level for osteosarcoma, and (4) decreased mass volume or clearer tumor border with less soft tissue edema, according to MR scan.
Limb-salvage surgery was more likely to be performed if possible in our center. Contraindications for limb-salvaging surgery were as follows: (1) en-bloc resection is extremely difficult; (2) unacceptable limb function after surgery; (3) bad response or poor tolerance to chemotherapy; (4) displaced pathological fracture; and (5) lack of willingness of patients and family members. Suggestions were provided after carefully evaluating the individual situation by discussion with bone tumor specialists.
For patients with proximal fibular osteosarcoma, limb-salvaging surgery was performed following the Malawer type-II wide resection procedure, in which the common peroneal nerve was sacrificed [12] . For patients with proximal tibial osteosarcoma, wide resection of the tumor, reconstruction of the bone and joint defect by artificial prosthesis, reconstruction of the soft tissue by transfer of medial head of medial head of gastrocnemius were performed.
MRI assessment
The differentiation of extraosseous tumor from reactive zone was determined followed Philipp Lang's criteria [13] .
Tumor volumes (TVS) were calculated assuming an ellipsoidal configuration using Gobel's method [14] : TVS = π × (tumor length) × (tumor width) × (tumor depth)/6. Extraosseous tumor volumes (ETVS) were defined as the difference between TVS and the volumes of the intraosseous part of the tumor. ETVS were also determined assuming as an ellipsoidal configuration: ETVS = π × (tumor length) × ((tumor width) × (tumor depth)-(intraosseous tumor width) × (intraosseous tumor depth))/6.
Three main blood vessels including the main branch of popliteal, anterior tibial and posterior tibial vessels were evaluated in our study. Referring to the idea of design in R.E.N.A.L. nephrometry scoring system [15] , we used the following two definitions to quantify the relationship between blood vessels and lesions: (1) the nearest of blood vessel to the reactive zone (NBR): the shortest distance between the center of main branch of the blood vessels and the margin of the reactive zone; (2) the nearest of blood vessel to the tumor (NBT): the shortest distance between the center of main branch of the blood vessels and the tumor margin ( Fig. 1) . We estimated the values of NBR and NBT under the following circumstances: (1) NBR was noted as 0.01 cm when blood vessels were adjacent to the margin of reactive zone; (2) NBR was noted as 0 cm when blood vessels were in the reactive zone; (3) NBT was noted as 0.01 cm when blood vessels were adjacent to the margin of tumor; and (4) NBR was noted as 0 cm when blood vessels were surrounded by the tumor.
The measurement procedure was performed independently by two medical imaging specialists, and discussions were carried out when disagreements occurred until consensus was achieved.
Follow-up
Regular follow-up was scheduled every 3 months in the first 2 postoperative years, every 6 months for the following 3 years, and yearly thereafter [16] . The latest follow-up was February 2018. The definition of event-free survival (EFS) was the time from definitive diagnosis to the time of disease progression, recurrence, second primary malignancy, or death due to any cause or the last follow-up.
Functional evaluation for patients underwent limb-salvaging surgery was done at 6 months after surgery using the Musculoskeletal Tumor Society Scoring System 93 (MSTS 93) criteria by Enneking et al. The items included pain, function, emotional acceptance, support, walking and gait.
Statistical methods
Statistical analyses were performed using SPSS Statistics for Windows (version 24.0; IBM). Associations between categorical variables were studied using the Pearson's chi-square test if the sample size was greater than 5 and using Fisher's exact test if the sample size was less than 5. For continuous variables, we used Student t tests. Logistic regression analysis was conducted to estimate the Odds ratios for factors resulted in amputation. OS and EFS distributions were estimated by using the Kaplan Meier method, and the subgroup survival analysis was performed using the log-rank test. The level of significance was set at< 0.05.
Variables with difference between groups might result in misleading outcomes. Potential covariables included in propensity score matching were age, gender and Enneking stage. Propensity scores were estimated using a logistic regression model. A 1-to-2 nearest neighbor matching algorithm was applied with a caliper of 0.2 and without replacement. Standardized mean differences and linear plot of individual differences were shown in order to examine the outcome of propensity score matching.
Results
Patient's baseline demographics before and after propensity score matching Baseline characteristics of 28 proximal fibular and 146 proximal tibial osteosarcoma patients are summarized in Table 1 . Compared with the proximal fibula group, the 146 proximal tibia group had the following numerical difference: younger age, more female and more Enneking IIB stage.
After propensity score matching, we compared the characteristics of the 28 patients selected from the proximal fibula group (the matched control group) and the other 56 patients selected from the proximal tibia group (the matched case group) ( Table 2 ). The absolute standardized difference decreased from 0.363 to 0.004. The propensity score in matched groups was evenly distributed. (Fig. 2) .
Comparision of clinical characteristics related with amputation
Ten patients in the proximal fibula cohort and 8 patients in the proximal tibia cohort underwent amputation. The amputation rate in the proximal fibula cohort was significantly higher than that in the proximal tibia cohort (35.7% vs. 14.3%; p = 0.046).
Possible clinical characteristics related with amputation were compared between proximal fibula cohort and proximal tibia cohort ( Table 3 ).The time from the appearance of symptom to diagnosis was similar in both cohorts (mean, 2.95 months vs. 3.02 months; p = 0.901). The mean TVS were similar in cohorts, 98.21 cm 3 in the proximal fibula cohort and 124.25 cm 3 in the proximal tibia cohort (p = 0.141). ETVS were significantly larger in the proximal fibula cohort than in the proximal tibia cohort (mean; 83.92 cm 3 vs.31.64 cm 3 ; p = 0.000). No significant difference was found in NBT and NBR regarding popliteal vessels between cohorts. The proximal fibula cohort had a smaller NBT for anterior tibial vessels than the proximal tibia cohort (mean, 0.09 cm vs. 0.80 cm; p = 0.025). The NBR for posterior tibial vessels in the proximal fibula cohort was smaller than that in the proximal tibia cohort (mean, 0.06 cm vs. 0.46 cm; p = 0.013). The NBT for posterior tibial vessels in the proximal fibula cohort was also smaller than that in the proximal tibia cohort (mean, 0.56 cm vs. 1.42 cm; p = 0.017). Moreover, NBR of anterior tibial vessels was smaller in the proximal fibula cohort than in the proximal tibia cohort, although not significantly different.
Analysis of possible factors resulted in amputation
Univariate analysis revealed that NBT for politeal vessels (p = 0.016), NBT for anterior tibial vessels (p = 0.020), NBR for posterior tibial vessels (p = 0.008) and NBT for posterior tibial vessels (p = 0.010) had a significant association with amputation (Table 4) . A multivariable analysis that was conducted with clinical variables Fig. 2 Line plots of standardized differences of this study before and after propensity score matching. a Parallel line plot of the standardized difference in means before and after PSM. b Dot plot of the propensity scores of patients in proximal fibula group and proximal tibia group related to amputation revealed that NBT for posterior tibial vessels was the only independent factor for amputation (p = 0.026).
Comparison of event-free survival and overall survival
With a median follow-up of 44.5 months (range 6-141 months), events occurred in 11 patients (39.3%) in the proximal fibula cohort and in 13 patients (23.2%) in the proximal tibia cohort. The 3-year cumulative EFS rates were 52.6 and 78.0%, respectively, for the proximal fibula cohort and proximal tibia cohort. The proximal fibula cohort had poorer EFS than the proximal tibia cohort (p = 0.045) (Fig. 3) . During the follow-up time, we noted 7 deaths (25.0%) in the proximal fibula cohort and 11 deaths (19.6%) in the proximal tibia cohort. The 3-year OS rates for the proximal fibula and proximal tibia cohorts were 63.7 and 81.2%, respectively. There was no significant difference between the two matched cohorts (p = 0.177) (Fig. 4) .
Comparison of functional evaluation
For the 18 patients in the proximal fibula cohort and 48 patients in the proximal tibia cohort who underwent limb-salvaging surgery, functional evaluations were performed using the MSTS 93at 6 months after surgery. Generally, the mean of sum scores was similar in the proximal fibula cohort and the proximal tibia cohort (20.1 ± 2.3 vs. 21.2 ± 3.4; p = 0.212). Listed separately, the proximal fibula cohort had better scores for emotional acceptance than the proximal tibia cohort (mean; 3.7 vs. 3.1; p = 0.016). However, the proximal fibula cohort had poorer scores than the proximal tibia cohort in support (mean; 2.9 vs. 3.5; p = 0.003) and walking (mean; 3.0 vs. *The p value was calculated using the Fisher's exact test for categorical variables and t-test for continuous variables 3.6; p = 0.003). The score of pain, function and gait were similar in both cohorts without significant difference. Table 5 shows the results of functional evaluation based on MSTS 93.
Discussion
From January 2000 to February 2015, we identified 1133 patients with a histologic diagnosis of osteosarcoma. The incidence of osteosarcoma in the proximal fibula was 3.4%, and that in the proximal tibia was 18.9%. The incidence of proximal fibular osteosarcoma in our study was low and similar to that reported by Ozaki et al. [7] . The amputation rates of osteosarcoma located in proximal fibula (35.7%) is not only higher than that of osteosarcoma located in proximal tibia (14.3%) based on our findings, but also higher than the average amputation rates in extremities [17] . As previously reported in several studies, with preoperative neoadjuvant chemotherapy, fewer than 20% patients with nonmetastatic osteosarcoma of the extremity finally underwent amputation [18] [19] [20] [21] . Therefore, the identification of possible factors resulting in high amputation rates of proximal fibular osteosarcoma is naturally the following topic of investigation.
We noted larger ETVS in the proximal fibula cohort (83.92cm
3 ) than in the proximal tibia cohort (30.33 cm 3 ). Because of the large difference in volumes of tumors in proximal fibula and proximal fibula, ETVS might thus better represent the degree of invasion of surrounding structures of the tumor than TVS. The proximal fibula cohort had a smaller value of NBR for the main branch of anterior tibial vessels than did the proximal tibia cohort, indicating a closer relationship between anterior tibial vessels and the tumor. Moreover, the proximal fibula cohort had a smaller value of NBT for the main branch of posterior tibial vessels than did the proximal tibia cohort, indicating a closer relationship between posterior tibial vessels and tumor. Invasion of tumors into main blood vessels is an obstacle for limb-salvaging operation. Because adequate surgical margin can be difficult to achieve if the invaded blood vessels are not sacrificed, but it is impossible to resect anterior tibial vessels and posterior tibial vessels at the same time or the crus will not actually exist. Hence, the relationship between anterior tibial vessels and tumors and between posterior tibial vessels and tumors in osteosarcoma may be responsible for amputation. Given the anatomical structure, the cortical bone of the proximal fibula is thinner than that of the proximal tibia; thus, the tumor may more easily break through the cortex and invade the soft tissue. Another concern for proximal tibia is that posterior tibial vessels and tibial nerve are protected by tibialis and popliteus, and these muscles may also act as an obstacle for invading tumors. Furthermore, anterior tibial vessels, deep peroneal nerve and common peroneal nerve surround the neck of the fibula, and these structures may be easily invaded by the tumor.
Based on our results, the EFS in the proximal fibula cohort was poorer than that in the proximal tibia cohort. The OS in the proximal fibula cohort was also poorer, albeit not significant. Previously, some investigators mentioned tumor site as a prognostic factor for osteosarcoma [22] [23] [24] . For instance, as commonly accepted, extremity tumors were thought to confer better survival rates than non-extremity tumors [22] [23] [24] . And as Bidlack et al. reported that tumors in proximal tibia resulted in better prognosis than tumors in femur or humerus [22] . The included cases in both cohorts of our study had similar age, sex, surgical and stage and underwent standard treatment, but prognosis in proximal fibula was better than that in proximal tibia. Metastasis of osteosarcoma is mostly thought to occur via blood vessels. When tumors and main blood vessels are closely associated, the chance of metastasis may be higher. Furthermore, metastasis is an important prognostic factor of osteosarcoma, and thus, it is reasonable to suspect that invasion into main blood vessels may also be a prognostic factor in osteosarcoma. However, due to the emphasis of our study, this hypothesis needs to be explored further in future studies.
In the functional evaluation at 6 months after surgery for limb-salvaging patients, the sum of scores was similar and acceptable in both cohorts. Nevertheless, the better emotional acceptance score for the proximal fibula cohort than in the proximal tibia cohort may be due to limited surgical trauma and simple recovery procedure. In our center, Malawer type-II en-bloc resection with sacrifice of the peroneal nerve was routinely performed in patients with proximal fibular osteosarcoma; thus, ankle-foot orthosis was essential. As a result, the score for support may be worse in the proximal fibula cohort than in the proximal tibia cohort. We think that in the proximal tibial osteosarcoma patients, the long-term complications of artificial prosthesis may be a potential matter of concern. Due to the limited interval between surgery and functional evaluation in our study, the result of comparison of function between groups still need to be clarified in further follow-up. It should be acknowledged that our conclusion may be influenced by the limited number of cases or by the confounding factors during matching. The reason for the higher amputation rates and poorer prognosis in the fibula cohort than in the tibia cohort needs to be cautiously interpreted and validated by other studies with larger sample sizes.
Conclusions
Amputation rates among patients with osteosarcoma were higher when tumors were located in the proximal fibula than in the proximal tibia. The factors resulting in higher amputation rates may be the closer relationship between posterior tibial vessels and tumor. Moreover, EFS of patients with osteosarcoma in the proximal fibula was poorer than that of patients with osteosarcoma in the proximal tibia. The results of functional evaluation at 6 months after limb-salvaging surgery were similar in both groups.
Additional file
Additional file 1: Figure S1 . The flow diagram for inclusion of patients. This flow diagram shows the process of inclusion of patients. Figure S2 . An example of chemotherapy protocol. This picture shows an example of chemotherapy protocol with 9 courses of adjuvant chemotherapy, patients included in our study received 9 or more adjuvant chemotherapy courses. 
